Objective: To analyze the investigations regarding the survival of corneal tissue transplanted into patients affected by keratoconus.
Introduction
Keratoconus is a corneal ectasia, which affects 11/1300 individuals worldwide, with more frequent appearance during puberty or second decade of life and progresses to the next two decades until it stabilize. It is a non-inflammatory medical condition, progressive, causing biomechanical changes in corneal structure and modifies its normal curvature in a cone shape, which results in diminished visual acuity from severe astigmatism, scars and ultimately, loss of vision in one-fifth of patients needing corneal transplantation to restore the vision [1, 2] .
Based on the natural course and severity of ectasia, keratoconus can be divided into four phases: pre-clinical, the initial clinical stage, advanced stage and the stage of the complication. In the later stages, the changes are evident, with the appearance of opacities and low visual acuity. Thus, the corneal transplantation becomes the only viable therapeutic approach for keratoconus in advanced stages. By transplantation, the corneal stroma may regain its normal thickness; the cornea will return to its initial curvature, and high myopia and irregular astigmatism are reduced, which can significantly improve the vision [3, 4] .
A prospective multicenter study by the Collaborative Longitudinal Evaluation of Keratoconus reported 12% rate of keratoplasty during an eight-year follow-up period in patients with keratoconus. The Australian Corneal transplant registry report in 2012 shows an average survival of transplanted corneal graft for keratoconus treatment of over eighteen years. The graft survival rate in one, five, ten, fifteen and twenty years were 97%, 95%, 89%, 77% and 46% respectively [5, 6] .
Studies indicate that the survival of keratoplasty depends on several factors, many of them not fully understood. It is necessary to look for evidence on the factors that influence the survival of transplanted cornea by the types of diseases that affect the cornea [7, 8] .
In this perspective, this study aimed to analyze the investigations regarding the survival of corneal tissue transplanted into patients affected by keratoconus.
Method
This is an integrative review study (IR) of the literature, on the survival of transplanted corneal tissue in patients with keratoconus and the factors that interfere in this survival. This review followed a methodological reference that offers six steps for their development: 1) elaboration of a guiding question, 2) search or sampling in the literature, 3) categorization, 4) critical analysis of the studies included, 5) discussion of results and 6) synthesis of the integrative review. In this context, a revised protocol was previously prepared to guide the development of research and the realization of all six suggested steps [9] .
Protocol was developed to perform the search and sampling and development of the form of research to carry out it systematically by researchers and maintain the necessary rigor. The topic identification, the objective, the guiding question, the selection of the study sample by couples search strategy in databases, using controlled and uncontrolled descriptors, the preparation of inclusion and exclusion criteria of studies, the categorization of results, evaluation of the studies included in the review and finally the synthesis of knowledge were the protocol steps.
The main question that supports the development of the research was: What are the factors that influence the survival of transplanted corneal tissue in patients with keratoconus? For the selection of the sample of the study, a survey of the texts was carried out in electronic databases PubMed/MEDLINE, Cumulative Index to Nursing and Allied Health Literature (CINAHL), Scopus and Science Direct in October 2014, in which the indexed descriptors used were in MeSH or synon-yms "keratoconus" (1); "Corneal transplantation" (2) OR "keratoplasty" (3); "Survival analysis" (4) OR "analysis of survival" (5) OR "method KaplanMeier" (6) .
These descriptors enabled six different crossings (#) respectively inserted in all selected database. They are: #1) "keratoconus" AND "corneal transplantation" AND "survival analysis" #2) "keratoconus" AND "corneal transplantation" AND "analysis of survival" #3) "keratoconus" AND "corneal transplantation" AND "method KaplanMeier" #4) "keratoconus" AND "keratoplasty" AND "survival analysis" #5) "keratoconus" AND "keratoplasty" AND "analysis of survival" #6) "keratoconus" AND "keratoplasty" AND "method Kaplan-Meier".
Only texts in the form of scientific articles available for free and in full in the databases selected for access by Proxy UFRN, in Portuguese, English and Spanish, without time limit, as the corneal transplant a practice of secular development were included. The manuscripts were selected as the theme by eligibility criteria pre-established by title, abstract and full reading of the studies.
Articles excluded were those that do not address a relevant way in the subject to answer the guiding question, studies that addressed the survival of corneal tissue transplanted in patients with other indications previous diagnoses transplantation, publications such as dissertations, theses, reviews, editorials and notes to the editor, and the duplicate articles which were only recorded once.
Results
There were 3,272 references initially identified in the four databases listed through the crossings with the descriptors. After the first selection by title and abstract, there were 33 studies, which three publications were excluded by being duplicated. Table  1 shows the consulted search strategies and their bases, as well as the total amount recovered and references title selected after analysis and abstract of each study [10] .
Most references excluded in the analysis process addressed the survival of transplanted corneal tissue by an indication of other clinical and pathological conditions different from keratoconus or did not refer to any specific diagnosis.
From the application of the screening test, which includes the application of the guiding question and the inclusion/exclusion criteria in the title, abstract and text, it was possible to reach the final sample of this research, finding four articles in PubMed/MEDLINE, no articles in the CINA-HL, six studies in ScienceDirect and three articles in Scopus, a final total of 13 selected studies. 
Cohort retrospective
To determine the factors that influence the survival of a corneal graft in PK in keratoconus patients who received retransplantation after the failure of a first graft. Retrospective study To determine long-term effect on the PK's vision held for keratoconus.
I Niziol LM, Musch DC, Gillespie BW, Marcotte LM, Sugar A (2013).
Retrospective case series
To estimate the probability of graft rejection, rejection, recurrent keratoconus (KC) to assess the specific vision of quality in 20 to 25 years after penetrating keratoplasty for keratoconus.
J Pramanik S, Musch DC, Sutphin JE, Farjo AA (2006).
Retrospective, consecutive, series of non-comparative cases.
To evaluate graft survival in long-term PK for keratoconus after 20 years, determine the KC rate and enjoy the functional visual results, as well as the development of glaucoma.
K Rahimzadeh M; Hajizadeh E, Feizi S (2010).
Cohort retrospective To estimate the rate of healing after the graft rejection in bilateral corneal transplants in Iranian patients with keratoconus and to determine risk factors associated with rejection.
L Tuft JS, Gregory WM, Davison CR (1995).
Cohort retrospective To determine the effect of bilateral surgery, penetrating keratoplasty performed for keratoconus on the rejection-free survival.
M Zhang Y-M, Wu S-Q, Yao Y-F (2013).
Cohort retrospective To compare the postoperative results of DALK with PK in the treatment of keratoconus. Table 2 shows 13 articles of the final sample of this study. During the analysis of the full text, conceptual similarity of keratoconus were noticeable significant and a predominance of studies with the research design type of retrospective cohort. Table 3 shows the major survival rates and the most prevalent factors that intervene, according to the studies analyzed. D The graft survival was 92% for PK and 90% for DALK. Ocular surface diseases, the difference between the diameter of the corneal button donor-recipient of 0.5mm, surgical technique, endothelial, stromal rejection, and rejection.
E Survival at 1, 5, and 15 months -88%, 69% and 46% for the second graft; 65%, 49% and 33% for the third graft.
Re-transplant, previous graft failure in less than 10 years, receptor age equal or over 60 years, episodes of rejection and corneal neovascularization.
F Survival rate -89%, 49% and 17% at 10, 20 and 23, respectively.
Time for suture removal, microbial keratitis or uveitis after grafting, corneal vascularization before or after the graft receptor's age, rejection episodes, graft size, the surgeon's workload.
G The average annual rate of endothelial cell loss was calculated at 14.12% per year in the PK Group and 5.78% per year in the DALK group.
Surgical technique, endothelial cell loss.
H Graft failure at 46 months after transplantation was 1.08%.
Graft vascularization, loose sutures, and rejection.
I Survival of 33%, 45%, 46% and 48% at 1, 5, 10 and 20, respectively.
Recurrent keratoconus, corneal donor button size, astigmatism.
J Survivals in 20 and 25 years were 93.7% and 85.4%, respectively.
Recurrent keratoconus.
K Survivals of 1.5 and 10 years were 82%, 74%, and 70%, respectively. Endothelial rejection, fungal keratitis.
M The survival rate of 100% from 1 to 9 years with DALK technique; 97.4% survival of 3 to 10 years with the use of PK technic.
Graft rejection, glaucoma, cataracts, loss of endothelial cells, wound dehiscence.
Discussion
In the dependent variable survival analysis, it is always the time of occurrence of a certain event.
In this case, it analyzes the time at which the participants developed the certain event, after a certain period [11] . Most studies used the method of Kaplan-Meier for survival analysis in which the time intervals are not fixed but determined by the occurrence of a failure [12, 13] .
Keratoconus was one of the main causes for corneal transplantation and may be a procedure performed by various surgical techniques, especially penetrating keratoplasty (PK) and deep anterior lamellar keratoplasty (DALK). In this respect, the selected studies show survival rates and factors affecting mainly dependent on the surgical technique used.
In one study, the follow-up period was divided into two-time intervals, the first of 0 to 18 months and the second of 18-221 months. It was concluded that the risk of graft rejection in the first period is about six times higher than in the second time interval [14] .
Studies for factors that affect survival show that postoperative risk factors play an important role in graft survival in the long term than the preoperative factors [15] .
The main factors affecting the survival of corneal graft for the treatment of keratoconus showed by studies in descending order of prevalence were: rejection episodes (study A, B, C, D, E, F, H, L and M) changes in corneal vascularization (E, F, H, K), the surgical technique adopted (B, D and G), the size of the corneal button used (F, D and I) receptor´s age (E, F and K ), suture characteristics (C and H), development of inflammatory processes (F and L), astigmatism (C and I), endothelial cell loss (G and M) and recurrent keratoconus (I and J).
Three Studies (B, D, G) address the surgical technique as a factor directly related to the survival of corneal graft. PK is an intraocular procedure, in contrast to DALK, non-penetrating and extraocular procedure. The absence of endothelial rejection with DALK technique is an advantage over the PK, although the endothelial rejection rates in PK keratoconus are low. The loss of endothelial cells in this technique occurs at a faster pace than in DALK. However, patients undergoing DALK remain susceptible to stromal rejection, although such episodes are less frequent [16] [17] [18] .
Factors such as pre-corneal vascularization after transplantation, the size of the corneal button above the receptor, the age of the upper receptor to sixty years, loose sutures, inflammatory processes such as uveitis and keratitis, presence of post-transplant astigmatism, loss of cells endothelial and recurrent keratoconus are factors that interfere negatively in failure of corneal graft.
Some factors appeared less frequently in this review, such as glaucoma, cataracts, wound dehiscence induced increase in intraocular pressure steroids corneal surface disease, re-transplantation, failure of the previous graft in less than ten years, the surgical site, epithelial effects and surgeon's workload. However, when analyzed in their studies individually, they showed significance with direct interference in the success of transplanted tissue [19] [20] [21] [22] [23] [24] .
One of the main limitations of the studies found was the loss of follow-up records since there may be many patients with long-surviving grafts that did not attend follow-up visit for years. This loss can lead to an underestimation of longer survival of transplanted corneal tissue. Thus, data can become biased, so that the failure rate is overestimated [8] .
Conclusion
The survival of corneal tissue is directly related to the main factors involved in post-transplant, like rejection, vascular changes, a surgical technique adopted details and inflammatory processes. Thus, the control subject to monitoring factors and prevention of installation is required for surgical success and increased survival of the grafted tissue and better quality of life of the individual. Therefore, it is necessary to ensure the continuity of post-operative care, and awareness of self-care and attention to the cases of abandonment of therapy, since the main factors that influence the survival of corneal graft can be prevented.
